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Introduction 


A few years ago the space program and government- 
funded projects where the only ones that could afford to use 
solar cells to produce electricity . . . not any more . . . now 
you and I can assemble small size projects and models at 
reasonable prices. Soon (with lowering cell costs), even large 
systems will be within our financial reach. 

The price of solar (photovoltaic) cells has fallen tremen- 
dously in the last ten years--from $1,000 a watt in 1970 to 
$10 a watt by 1980. It’s expected to drop to less than a 
dollar a watt by 1986, making it competitive with commercial 
electricity . . . certainly less expensive by far than generating 
your own electricity with mechanical windmills, gasoline or 
diesel generators, and even less than the cost of small hydro- 
electric plants. 

A system containing thousands of these marvelous 3 to 4 
inch round cells attached to metal roofing panels can be 
applied to your roof over the existing shingles. It can produce 
all the power you need . . . and you won’t receive a monthly 
electric bill, either. This is just one of the many applications 
expected to take place within the next few years. 

I hope this non-technical book will aid you in becoming 
acquainted with solar electricity. There’s no need to be 
knowledgeable about electricity or soldering to enjoy the 
simpler kits and projects described in the first few chapters. 
By building or purchasing some of these simple models you 
will be getting “hands on” experience with solar cells. 
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Those of you wishing to build small to moderate size 
systems will find the material lists and source references for 
parts helpful. Suggestions for solar models of a novelty nature 
are presented. Perhaps you will want to sell solar models that 
you make yourself. 

A later chapter contains information for a moderate size 
system to power a small homestead or camper/trailer. When 
the cells can be purchased for three to four dollars a watt this 
will become a very attractive source of electricity. 

The future holds great promise for solar cells, they are 
sure to become more and more a part of our daily lives. You 
can participate now without a large outlay of money. 


1. Solar Cells - What They Are 
& How We Got Them 


Sunlight supplies energy for almost everything on the 
earth. Ages ago, the sun supplied energy to grow huge quan- 
tities of vegetation which became the source of our present 
gas, coal, and oil reserves. 

Only a small fraction of the sun’s energy actually falls on 
the earth each day (less than one half of one billionth of its 
total output). But even that small portion is a tremendous 
amount . . . accounting for more power in a few minutes than 
has been generated by all the man-made power plants in the 
world since electricity was discovered. 

A method of using this energy by direct means (photo- 
voltaic) to produce electricity was discovered in 1954. It was 
put to some early pioneering uses during the fifties, but it 
took the advent of the space age in the sixties to accelerate 
its development. Space probes and satellites needed lots of 
electrical energy . . . batteries were heavy and their life expect- 
ancy too short to be used in space. The answer was solar cells. 
A massive research and development program was carried out 
by the space industry and the cell as we know it today was 
developed. 

The solar cell’s basic material is silicon dioxide . . . better 
known to us as sand . . . the most common material on this 


planet. 
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Figure 1. A single 4” solar (photovoltaic) cell. 


“N” TYPE SILICON 


“P’ TYPE SILICON 


Figure 2. A Negative charge forms on the top (exposed to the 
sun) side of the cell while a Positive charge forms on the back 
or bottom side. 
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Figure 3. 250,000 cells are linked together to provide all the 
electrical power needs at Natural Bridges National Monument 
in Utah. This generating system is capable of producing 
100,000 watts of electric power. 


Ci 4 ‘i all 
Figure 4. A sample assortment of 2”, 3’’ and 4” round cells 
alongside half and quarter cell pieces which can be used for 
special applications. 
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To remove any impurities the silicon is refined by heating 
it to a molten state. Then it’s formed into a clear cylindrical 
crystal, about three or four inches in diameter. When cool, a 
saw slices it into very thin wafers. Certain materials are added 
which cause the cell to produce electricity when exposed to 
sunlight. 

When sunlight hits the surface of this cell a positive 
charge forms on one side and a negative charge on the other. 
Wires connected to each side will allow the electricity to be 
connected to other cells to add their power together. Thou- 
sands of cells can be connected together to produce large 
amounts of power (Natural Bridges National Monument in 
Utah has a solar system which develops 100,000 watts of 
electricity). 


2. Handling The Cells 


Solar cells are supplied in many sizes and shapes . . . the 
most common being round and . . . either, two, three, or four 
inches in diameter. Sometimes they are broken in half or 
even fourths to make smaller pieces from the main one. They 
are very thin, about the thickness of an egg shell and just as 
fragile!! Usually the back side (facing away from the sun) is 
coated all over with a thin layer of solder. 

The front side (facing the sun), has a very delicate pattern 
of metallic traces (like fine lines) that collect the electricity 
from the face of the cell. Wherever these traces cover the face 
of the cell they shade some of the sunlight from shining 
through to the face. The more shaded the area . . . the less the 
output of electric. Therefore, these traces are made very fine 
and narrow so the least area on the face of the cell will be 
shaded by them. 

Most cells you buy will not have any wires connected to 
them. You must connect your own by soldering them to the 
cell or by using small insulated clips. Most of the ready-made 
solar kits have cells pre-wired for your convenience. 
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Figure 5. A network of delicate traces on the top (sun) side 
of the cell collects the Negative potential from its face. A 
Positive charge forms on the solid metal rear side. 


Figure 6. One of many Solarts novelty models which are 
gaining popularity in gift shops throughout the country. 


3. Simple Demonstration Models 


Ready to go models, just add sunshine (or electric light). 
You can purchase ready-made demonstration models . . . 
several sources are available. Naturally, they will cost more 
than if you build them yourself. These models usually 
contain a solar cell, a motor, and a base . . . sometimes a 
plastic cubeshaped cover is included . . . to keep little fingers 
away from the delicate working parts. The motor will run a 
model windmill, airplane, blimp, helicopter, a merri-go- 
round, plus many others. You can set the model in a place 
that the sun will shine on it .. . or on a table with a strong 
electric light above. It makes quite a conversation piece. 

Various models are available from Solarts (see list of 
suppliers for address). Similar units can also be found in some 
airport gift shops, and other novelty/gift shops around the 
country. 

Edmund Scientific and Poly Paks Inc. also have a few 
high quality (but less expensive) units available. One is a solar- 
powered music-box. Quite a novelty item. 


Price range of models at time of printing 
$9 - $150 


Experimenter and hobby type kits. All parts are supplied 
in one box with instructions for assembly. “Science Fair”’ 
kits by Radio Shack offer a solar electric kit containing two 
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Figure 7. Solar experiment and hobby kits allow hobbyists 
and experimenters of all ages to gain acquaintance with solar 
electricity. 


cells and parts to make 25 different circuits . . . a radio trans- 
mitter, sound synthesizer, relay circuits, and other fascinating 
projects are included in this kit. No soldering is necessary. 


Price $14.95 


Make it yourself motor and cell kit. This simple project 
contains parts lists and assembly information so you can 
make up a motor with a propeller . . . or cut out a cardboard 
circle and paint or mount disco colors on it for a revolving 
color wheel. Use your imagination for other uses such as 
revolving figurines, etc. All the parts can be used again on 
additional models later in the book, so you won’t lose any- 
thing . . . plus, you will get “hands on” experience working 
with a full size cell. 
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QTY. PARTS NEEDED SUPPLIER & PART No. 
1 Package of 3 IViotors Radio Shack No. 273-218 
1 3 Inch Solar Cell Radio Shack No. 276-123 
1 (or) Chaney No. C24327 
(or) Poly Paks No. 92CU3788 

1 Package of 10 Test Radio Shack No. 278-1156 

Leads 
1 Heat Shrink Tubing Pack Radio Shack No. 278-1627 
1 Model Airplane Propeller, Cox No. 241 

42" Plastic (or obtain from local hobby 

shop) 


Price approximately $15 


After you have obtained all these parts - the first thing we 


will make up is the test leads (used to connect the motor to 
the cell). These test leads come equipped with ‘insulated 


Figure 8. The various parts for small solar cel! projects can be 
purchased individually, allowing you to construct simple 
models of your own design. 
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Figure 9. Slide the insulator back off the alligator clip to 
expose the metal jaws on the test leads. 


alligator clips” on both ends. You will have to modify them 
slightly before you can connect them to the cells, though. 

Connecting up to the cells. The following method makes 
it easy to connect wires to the cells without having to solder 
and unsolder them just for temporary connections. Also, it 
allows someone with no soldering experience to attach the 
cells on the simpler kits. 

Open the package of test leads and remove one black and 
one white wire (or any two different colors). Take the black 
one and examine the metal alligator clip on one end. It’s 
covered with a plastic insulating material. Slide this insulation 
back off the alligator clip, exposing it as shown in Figure 9. 

Now squeeze the clip to open the teeth. Observe the 
action of the metal teeth, how they could close down over 
the flat surface of the solar cell if you were to insert it 
between the teeth. This is what you will do. However, you 
must insulate one side of the jaws first . .. or else both metal 
jaws would contact the top and the bottom of the cell at the 
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same time, in effect shorting both the top and the bottom of 
the cell together (shorting out any power from the cell). 

Remove a piece of tubing (1/8 inch in diameter) from the 
package of heatshrink tubing. It should be large enough in 
diameter to just slide over one of the jaws. Cut a piece % inch 
long. Open the jaws of the alligator clip (Figure 10) and slip 
the % inch length of tubing over one of the jaws. Once this is 
accomplished, slide the normal insulator back over the modi- 
fied clip to its original position. You now have a test clip 
which has been modified to insulate one end. 

Remove the solar cell (carefully) from its package. 
Squeeze the jaws of the modified clip open and insert it over 
the edge of the cell with the heatshrink-insulated jaw facing 
the top (non-metal) side of the cell. The uninsulated lower 
jaw should be making metal contact with the bottom (metal 
side) of the cell when you let the jaws close. 


Figure 10. A short length of heat shrink tubing can be used as 
an insulator for one jaw of the alligator clip. Slide the tubing 
over one jaw on each end of the test leads. 
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METALJAW MAKING -° INSULATED 
CONTACT WITH JAW TOP 
LARGE TRACES ON 
TOP OF CELL 


METAL JAW MAKING 
CONTACT WITHSOLID °° 
INSULATED METAL BACKSIDE 
JAW BOTTOM OF CELL 


Figure 11. The Positive test lead should make contact with 
the BOTTOM of the cell and the Negative test lead should 
make contact with the TOP, or face. 


Repeat the insulating procedure on the second (white) 
test lead. When this is completed you are ready to connect it 
to the cell. Clip this lead on the cell with the uninsulated 
(metal) jaw coming down to rest on the heaviest portion of 
the metal traces on the top of the cell (Figure 11). The 
insulated jaw will be in contact with the back side (solid 
metal) of the cell. 

Now you're ready to hook the motor wires to the cell 
leads. Take either of the motor wires and connect it to one of 
the test leads attached to the solar cell. Now connect the 
remaining motor wire to the other cell lead. It doesn’t matter 
which motor wire and cell lead are connected together. How- 
ever... if you wish the motor shaft to turn the opposite 
direction for some reason, just reverse the two motor 
connections. 
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Figure 12. To insure better contact with the cell, take a pair 
of pliers and bend the exposed metal jaw of the alligator clip 
slightly inward. 


The moment of truth has arrived. Carefully take the cell 
and motor to a place where the sun or strong electric light 
(not fluorescent) can shine on the face of the solar cell (be 
careful the test leads don’t pull hard on the cell and break it). 
If the connections are making good contact the motor should 
turn in proportion to the amount of light that strikes the cell. 

If you have a problem go over the hook-up instructions 
again. Sometimes bending the tip (or “nose”) of the uninsu- 
lated (metal) jaw on the alligator clip (Figure 12) will allow 
it to make better contact at the very end whre it touches the 
cell. 

You can attach the propeller or cardboard disk with a 
silicon sealer material from Radio Shack (part No. 64-2314). 
It’s also available from lumber yards and most hardware 
stores. You may want to mount the cell and motor onto a 
small piece of finished wood, there’s less chance of breaking 
the cell that way. 

If you do break the cell for any reason . . . keep the 
pieces. They’re still good for later uses. If the motor turns 
too slow or the light level is too low to turn the motor fast 
enough, you can order a better quality one from Poly Paks 
Inc. (part No. 92CU3212). A special high quality motor is also 
available from Edmund Scientific (part No. 40,872). 
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Figure 13. This model of a solar cell powered windmill was 
built from parts which were readily available. Brass sheeting 
and wire came from the hardware store and the wooden base 
was purchased at an arts and crafts store. 
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4. Make And Sell Your Own 
Solar Novelty Items 


If you are handy with tools and are looking for extra 
income, consider making your own models for profit. The 
market for solar electric models should be quite good as the 
public becomes more and more exposed to them through the 
news media. 

Models are mostly made of brass welding rod soldered 
together. However, balsa wood should make attractive ones 
also. 

The photographs of the windmill and helicopter are 
examples of models built from scratch in a short time. They 
were mounted on finished pieces of wood purchased from an 
arts and crafts store. The brass rod and sheet brass material 
was purchased from a hardware store. As you can see from 
the parts list and cost breakdown below, the material is 
readily available and inexpensive. Construction time was 
approximately 1% hours. 


HELICOPTER PARTS LIST 


ITEM COST 
Brass Welding Rod $ .60 
Motor $ .50 
Wood Base $1.25 
Solar Cell $8.50 
Brass Sheet Material $ .25 
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Figure 14. Helicopters make interesting solar models. You 
can build one from scratch or, with a little experimenting and 
adaptation, can “‘make the wheels turn’”’ on one of the many 
plastic scale model kits that are available from hobby shops. 


Figure 15. A solar powered model airplane would make an 
ideal gift for any aviation buff. Again, you can build your 
own from scratch or adapt an existing model kit. 
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Figure 16. Want to give OPEC something to think about? 
A solar powered oil well pump would make an interesting 


design. 


Figure 17. Kids can have a circus right in their own room 
with a solar powered carousel, ferris wheel or other midway 
attraction. 
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Figure 18. Even a miniature buzz saw can be powered by 
solar energy! 


Figure 19. The range of small solar cell projects is virtually 
limitless. All you need is some time, a few inexpensive 
materials and a little imagination. Imagine this water wheel 
and mill in your living room, garden or even on a scale model 
railroad. 
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A faster turning, longer life electric motor can be pur- 
chased from Edmund Scientific (part No. 40,872). It costs 
around five dollars but will last much longer and work at 
lower light leveis. It will work with a smaller solar cell, there- 
fore offsetting some its additional cost. 

A clear sheet of 1/8 or 1/4 inch rigid plastic storm 
window material can be cut and glued together to form a 
cube enclosure to cover your smaller delicate models. 

The time spent in construction could be cut down con- 
siderably if the model is produced in quantity. Also, the 
wood base could be made from scratch instead of purchased 
already finished. Remember .. . the price of the cells is drop- 
ping rapidly too. 

Models similar to these are selling in the range of $50 to 
$150 each at this time in many stores around the country. 

The artist’s renditions are offered as examples of the 
variety of items that could be made. Your craftsmanship and 
imagination are all that’s needed. Who knows, you could be 
exposing others to the potential of solar electric, and at the 
same time making some extra money yourself. 
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9. Putting The Cells To Work 


So far we have been working with only one solar cell. 
However, to supply power for more worthwhile items many 
cells must be connected together. This chapter will cover the 
electrical characteristics of solar cells and ways of connecting 
them together to get the results you want. This is the 
“heaviest” chapter in the book so pull up a comfortable chair. 

It’s not necessary to understand the more complex nature 
of electrical energy . . . however . . . some knowledge of the 
basic fundamentals will help. Many people consider electricity 
to be a mystery when in fact it operates similar to a substance 
we all use every day .. . water! Water at rest (not moving) has 
no power but when put into motion it can be useful . . . as 
well as powerful. The same is true of electric. 

There are three related movements of water and electricity 
that are similar. The first is pressure. The pressure (or force) 
that water has behind it makes it flow from our sink faucets 
and garden hoses. The more pressure it has, the stronger it 
flows out. You can measure this water pressure with a pressure 
gauge. In electrical terms the pressure that electricity has is 
called voltage, and it can be measured with a voltmeter. 

Another similarity is volume (or quantity). More water 
will flow through a big pipe or hose than a small one. A fire 
hydrant with a 4” outlet will allow many times more water 
out of it than your 1/2” garden hose can. This volume of 
water flow is measured in gallons per minute (number of 
gallons that flow in one minute). This flow can be likened to 
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electrical flow or volume . . . called current . . . and it’s 
measured in amperes (abbreviated amps), on an ammeter. 


You probably noticed that a small pipe or hose restricts 
(or slows) the flow of water compared to a larger one. This 
restricting of the flow of water can be likened to electrical 
resistance. All materials restrict the flow of electric through 
them to some extent ... even copper wire has some resist- 
ance. This electrical slowing or restriction is called resistance. 
It’s measured in ohms and read on an ohmeter. 

There you have the three main principles that-effect the 
movement of electrical energy. 


To observe the differences between voltage and current 
let’s consider different sizes of flashlight batteries. An 
ordinary flashlight battery (‘“D” size) has a pressure or voltage 
of 1 1/2 volts (a measurement of its pressure). It can supply 1 
amp ( a measurement of current or flow of electricity) for 
one hour. 


A small flashlight battery (‘‘A”’ size) about one fourth the 
size of the one above, has the same voltage of 1 1/2 volts, but 
being smaller it can supply a volume or current of only 1/4 
amp for one hour. 


Notice the voltage is the same for both the large and 
small batteries. The larger one, however, can supply more 
current than the small one. This is very important to remem- 
ber because solar cells behave in the same manner. The voltage 
is the same on a 4 inch solar cell as it is on a one inch cell. 
The larger cell can supply more current than the small cell 
(just like the larger flashlight battery did). Regardless of the 
size, the voltage always remains the same. The larger the cell 
the more current it can supply, however. 

Let’s compare some different flashlight batteries and 
solar cells. 
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Description Voltage Current 
Large D size flashlight battery 1% volts 1 amp 
Medium C size flashlight battery 1% volts %*% amp 
Small A size flashlight battery 1% volts % amp 

Description Voltage Current 
3” round solar cell % volts 1 amp 
% of a3” round solar cell % volts % amp 
% of a 3” round solar cell % volts % amp 


You can see the voltage on both the solar cells and the 
batteries is the same regardless of size. Again, only the current 
is greater from the larger ones. Also . . . notice that a solar 
cell’s voltage is only % volt, compared to the batteries’ 1% 
volts. It takes the voltage from three solar cells (added to- 
gether) to give the same voltage as one battery. 

Series and parallel combinations. Most flashlights use 
only two batteries, some use as many as five. By using more 
batteries and adding their individual voltages together a higher 
voltage bulb can be used in the flashlight (providing a more 
powerful light). The same adding of voltage can be done with 
solar cells. For instance, if you want 3 volts for some project, 
you can add 6 individual solar cell voltages together (6 x 2 = 
3), by connecting them in series (as in figure 20). 

Cells connected in series add their individual voltages, 
while the current remains the same. The current (or volume) 
must still flow through each individual cell, which can only 
allow the amount of current it’s rated at (in this case 1 amp), 
to flow through it. 

There are times when the voltage may be high enough but 
you need a greater current than the cell can supply. Suppose 
your project calls for 6 amps at 2 volts. You can connect 6 
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Figure 20. Six cells linked in a series. Each cell produces .5 
volts and 1 amp, giving a total of 3 volts and and 1 amp. 
Note that Negative top side of each cell is connected to the 
Positive bottom side of the next cell. 
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Figure 21. Six cells connected in parallel. Note that all 
Negative tops are connected together and all Positive bottoms 
are connected together. Individual cells produce .5 volts and 1 
amp, the six in parallel produce .5 volt and 6 amps. 
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Figure 22. Twelve .5 volt, 1 amp cells linked both in series & 
parallel to achieve 3 volts, 2 amps. By combining both series 
and parallel you can achieve any voltage and current needed. 
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cells in parallel (see figure 21). Parallel-connected cells 
add their individual currents together while the voltage 
remains the same. You can make any combination of series 
and parallel connections to achieve the voltage and currents 
you need (as shown in figure 22). 

Breaking the cells into pieces. Usually you will need more 
current thanacell can produce . . . occasionally youneed less. 
If your system needs only 1/10 of an amp and your cell is 
rated at 1/5 amp... you can just break it in half. Remember 
the voltage is always the same for any size cell. . . it’s the 
current that is dependent on size. Break a 1/5 amp cell in half 
and you have two 1/10 amp cells. 

Solar cells can be easily broken (at times too easily). To 
break one, carefully score the back (soldered side) with an 
X-acto blade or very sharp knife . . . along a line where you 
want it to break. Press hard enough to make a deep score 
mark ... but not so hard that it fractures the cell. After 
scoring it . . . place the cell on a table or counter that has a 
sharp flat edge. Lay the cell down ona table and line up your 
score mark with the edge of the table. Lay a book on top of 
the cell in line with the table edge. While holding firmly 
down on the book push down on the exposed portion of the 
cell and break it at the score mark. 

There are some additional things that need to be taken 
into account when figuring the number of cells needed to 
reach a certain voltage and current level. 


With nothing connected to a solar cell, it’s voltage rises 
up to .57 volts. When it’s connected to a circuit or load it 
drops down to .45 volts (its normal operating level). The 
lower voltage of .45 volts per cell should be used for calcu- 
lating the number of cells necessary to achieve the final 
voltage needed . . . otherwise, there will not be sufficient 
voltage when the equipment or load is hooked up (Figure 23). 
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CELL VS. LOAD CHART 
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Figure 23. The more current you use from the cell, the lower 
the voltage will drop. When no current is being drawn, the 
cell supplies .58 volts. With a normal load, .45 volt is avail- 
able. The curved line represents the normal operating voltage 
with rated current being drawn. Voltage with no current 
being drawn is in lower right hand corner. 
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Temperature also has a noticeable effect on the solar 
cell’s efficiency. Their output ratings are figured at 77 degrees 
(25 C). They also perform well at lower temperatures, but 
lose efficiency at a higher temperature. Placed out in the sun 
they heat up like the roof of a dark painted car on a hot 
summer day. In some climates . . . like the southwest... 
they can reach 70 to 80 degrees Celsius (160-180 degrees 
Farenheit) if not mounted on a material that will draw the 
heat away from their surface. 

Some high quality commercially built panels (groups of 
cells connected together and enclosed from the weather) have 
their cells mounted directly on aluminium or metal backing 
to help remove some of the heat from the cells. At a tempera- 
ture of 70 degrees C. a solar cell will lose about 20% of its 
voltage. To compensate for this thermal loss it’s a good idea 
to figure only .40 volts a cell rather than the full .45 volts. 

Where you live makes a difference. The output ratings of 
solar cells are with maximum sunlight shining on them. The 
amount of sunlight differs from north to south and by the 
amount of cloud cover that an area of the country experiences 
during the year. Fortunately this has all been figured out for 
us by weather records taken over the years and is available 
from charts called ‘‘yearly average peak sun hours per day”’ 
(see Figure 24). When figuring system needs don’t forget 
to include this factor in your calculations. This chart also 
takes into consideration the low sun on the horizon in the 
early mornings and late afternoons. 

An excellent book covering in detail . . . solar cell specifi- 
cations, series and parallel connections, voltage and current 
graphs, peak sun hour day charts . . . and much more, is 
“Guide to Solar Electricity” by the technical staff of Solarex 
Corp., available from Poly Paks Inc. or Solarex. (See index 


for address). 
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To summarize . . . remember . . . the cell voltage drops 
when the load is connected to it. Temperatures at the surface 
of the cell can reduce the voltage further. Figure your yearly 
peak sun hour days for your location. Allow about a 10-15% 
loss of efficiency overall from cell variations, wiring, and the 
panel cover material (glass or plastic) that will be used over 
the cells to protect them from the weather. 

The next chapters contain information on making panels 
from different cell combinations, and how-to projects. They 
will cover the connecting up of mutliple cells in more detail. 
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6. Joining The Cells Into A Panel 


Before a panel can be assembled we must know the 
voltage and current it will need to supply. Once these values 
are determined we can arrive at the number of cells required. 
We will design a panel for a piece of equipment that needs to 
operate also when the sun is covered by clouds or at night. 
To accomplish this, power must be supplied directly from a 
storage means (such as a battery) to the piece of equipment. 
The batteries can then be charged directly from the solar 
panels during the day. 

Since most panels will be designed to charge batteries, 
let’s look at some typical batteries and then figure out a 
panel to charge one of them. 


Standard Battery Voltages 
1.2 volt rechargeable (nickel cadmium) flashlight batteries 
6.3 volt auto, lantern, and storage batteries 
9.0 volt transistor radio and toy batteries 
12.6 volt auto and storage type batteries 
From these voltages (or combination of them) we can run 


a wide range of equipment . . . radios, televisions, pumps, 


fans, flourescent lights, flashlights and lanterns, to name a few. 
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Let’s see what is required to arrive at the number of solar 
cells it would take to charge one of these batteries. The flash- 
light is the smallest and most common. . . so we'll use that as 
an example. 

A 1.2 volt D size nicad (nickel cadmium) flashlight bat- 
tery will be used for our example. This battery supplies 1.2 
volts .. . however .. . due to internal inefficiencies in nicad 
batteries (and all rechargeable batteries) it is necessary to 
supply a higher voltage to them during charging. Approxi- 
mately 15-25% higher voltage is needed. The normal voltage 
is 1.2 volts. Add to that 20% or (.24 volts) and we arrive at a 
charging voltage of 1.44 volts (1.20 volts + .24 volt = 1.44). 
We can round that off to 1.5 volts. 

The rate of current recommended during charging of this 
battery is 1/10 amp to 1/3 amp. The battery will charge in 14 
hours at 1/10 amp and 4 hours at 1/3 amp. 

We have determined that the battery will need 1.5 volts 

. and depending on the length of charging time we want to 
use . .. anywhere from 1/10 to 1/3 amp will be required. Say 
a four hour charging time is desirable. Remember . . . the 
charging rate for this battery was 1/3 amp to completely 
charge it in four hours. So our charging rate should be 1.5 
volts at 1/3 amp. 

When using a fraction of anamp... suchas 1/3 amp... 
another method is used to express the fraction 1/3. 1 amp 
can be divided into 1,000 parts called milliamperes (abbre- 
viated mA) .. . so the figure 1/3 could be expressed as 330 
mA in electrical terms .. . 1/2 would be 500 mA, 3/4 would 
be 750 mA, etc. Solar cell current ratings are expressed this 
way . .. so if a cell has a 100 mA rating that would be the 
same as 1/10 of an amp. 

The solar cell we select for our battery charger must 
supply 1/3 amp. (This would be expressed as 330 mA). A 
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common cell current rating is 300 mA . . . and even though 
this is less than our requirement, it will be close enough. 

Now that the decision has been made to use a 300 mA 
solar cell for the current needs of the battery during charging, 
the only thing left to calculate is how many cells must be 
added together in series to give us the 1.5 volts we need. 

Because the solar panel will be used to supply electric to 
a battery, there is another thing we must consider. Whenever 
solar cells feed power into a battery some method must be 
used to block the power from flowing backwards into the 
cells when the sun isn’t shining. Failure to prevent this power 
from feeding backwards would discharge the battery and 
possibly damage the cells. 

Fortunately, a simple inexpensive device . . . called a 
diode . . . will allow electricity to flow in one direction but not 
the other. Placing this diode between the battery and the 
solar cells will correct the backflow condition (Figure 25). 
Now the electricity can flow in only one direction, from the 
battery. However . . . all diodes cause a voltage loss (of about 
1 volt) when installed in a circuit. This loss must be compen- 
sated for by adding an additional 1 volt to our previous 1.5 
volt figure needed for charging. Our battery charging require- 
ments now become 2.5 volts using 300 mA cells. 

In order to determine how many solar cells we will need 
to attach in series to achieve this 2.5 volts, we must know 
how much voltage each cell will be able to supply. 

You probably remember that it’s best to use the voltage 
figure of .45 volt per cell when it’s connected to a load (in 
this case it will be connected to the battery). Also we discus- 
sed the voltage loss (approximately 10%) of the cell because 
of the cell getting warm from the sun shining on it. To be 
safe then. . . let’s figure only .4 volt per cell. 

We have just determined that each cell will supply .4 volts 
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Figure 25, Placing a diode between the solar cell panel and 
the battery will allow electricity to flow only from the panel 
into the battery, thus preventing the battery from discharging 
back into the panel and damaging it. 
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and we need 2.5 volts to charge the battery. To determine 
the number of cells necessary simply divide the 2.5 volt by .4 
volts (2.5 volts + .4 volts = 6 1/4 cells). We can round that 
off to 6 cells. 

We must not forget to allow 10-15% for the overall loss 
in the system caused by the panel material covering the cells, 
the wiring losses, possible cell variations, etc., so it looks like 
15% more than the 6 cells we had just arrived at will be 
approximately 1 more cell. Our final figure then is 7 cells 
rated at 300 mA. 

The final variable to consider is the area of the country 
where the panel will be used. As an example let’s look up the 
Washington DC area on the chart showing “average daily 
peak sun hours” (Figure 24). The chart shows that area 
receives an average of 4 hours of peak sunlight a day . . . so 
you have a 4 hour time during most days that will supply the 
peak (brightest sun) conditions needed for the panel to 
function properly. 

There are many ways to figure how many cells will be 
required to make a panel. Some additional and more thorough 
methods of arriving at these figures are spelled out in the 
Solarex book Guide To Solar Electricity. 

The small projects described in this book do not require a 
high degree of accuracy and are intended just to “get your 
feet wet”. If you are planning a large system considerable 
attention to all the factors becomes important. 
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7. Making A Panel 


After determining the number of cells to be used for a 
panel the next step is to mount them together on a rigid base 
and... if used outdoors . . . placed in a weather-proof con- 
tainer. This assembly of cells and container is called a panel. 

In order to build a panel from scratch the following steps 
will be necessary: 


1) Select a rigid mounting base large enough to accom- 
modate the cells necessary for the voltage and current you 
need from the finished panel. 


2) Solder the individual cells together and mount them 
securely to the base. 


3) Seal all cracks and openings that moisture could 
penetrate. An excellent material is Radio Shack’s silicon 
sealant (part No. 64-2314). It’s a silicon rubber sealant that’s 
long lasting and stays flexible. Other brands are available 
from building supply and hardware stores. 


4) Select a covering material to keep the weather from 


reaching the cells. 


Let’s examine these items one at a time. 


1) Selecting a rigid base material for small panels is no 
problem . . . we can use regular exterior plywood. For large 
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panels arigid metal base is preferred. It will not warp as easily 
as wood (causing strain and possible breakage of the cells 
mounted to it) and it makes a good conductor to draw exces- 
sive heat away from the cells. Commercial panels are some- 
times made from aluminium I-beams with the cells mounted 
to one of the flat surfaces. 

The plywood base material should be thick enough so it 
cannot bend or flex. Always use an extra thick piece. Count 
the number of cells to be used in the panel and figure the 
area that they will require for mounting. Then cut the ply- 
wood base to this measurement allowing a little extra for 
working room. Thoroughly waterproof it by painting with a 
good grade of exterior paint on all surfaces, especially the 
sides. White paint will help reduce heat build up. 

A piece of wooden trim moulding 1/2 inch thick and 
about 3/4 to 1 inch wide screwed or nailed around the outer 
edge of the base will make a nice mounting to attach the glass 
cover. It will allow the glass to clear the cells mounted on the 
inside of the base (see Figure 26). Before securing this 
trim piece to the base . . . a small amount of silicon sealer 
(applied to the surface that contacts the base) will help make 
the joint waterproof. It should also be used to seal the corner 
joints where the trim pieces meet . . . making a good water- 


tight base assembly. 


2) Soldering the cells together . . . the method of using 
clips to connect to the cell is very handy for testing and tem- 
porary connections. For permanent or multiple cell connec- 
tions the only practical method is soldering. 

The soldering techniques necessary to make successful 
connections to the solar cells are very precise. They must be 
done carefully, as the metal trace connections on the face of 
the cell are very sensitive to heat. If too much heat is applied 
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Figure 26. Panel base with trim strip around the edge. The 
glass cover will be added following installation of the cells. 


. or heat is applied for too long a time . . . the traces will 
separate from the surface of the cells. 

If you have had no previous experience soldering to small 
components, perhaps you know someone who could give you 
a hand. Local electronic/television technicians might be 
another source of help. 


A few things about soldering to keep in mind are: 


1] use a 15-25 watt iron 


2] use a small gauge of flexible wire (No. 22-28 gauge), 
for connecting to the cells. 


3] Cut back the insulation and tin the wire before 
attempting to solder it to the cell. 
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4] Start by soldering the wires to the back side of the 
cell (solid coated metal) . . . it’s less sensitive to heat. 


5] When soldering to the front side (especially) solder 
the connection as quickly as possible or the metal 
trace on the cell will separate from the body of the 


cell. 


6] Select the largest trace on the front of the cell and 
solder to it. The small traces are almost impossible to 
solder to and were not intended for soldering. 


7] Use a good grade of thin resin core solder, such as 
Radio Shack part No. 64-005. 


8] Keep the tip of the iron clean and well tinned. 


To wire the individual cells together . . . cut pieces of 22 
gauge wire (Radio Shack No. 278-1307) into 2” to 3” lengths 
and remove about 1/4 inch of the insulation from each end. 
Then tin both ends with solder and carefully solder one end 
to the back (solid metal or positive) side of each of the solar 
cells. The top (or negative) side will be connected after the 
cells have been mounted to the panel base. That way you can 
handle them separately during mounting with less chance of 
breakage. 

When you glue the cells down remember . . . each bottom 
wire will connect to the adjacent cell’s top (negative) side at 
the thickest metal trace. Be sure the cells are lined up so each 
wire can reach the next cell for soldering after the glue sets. 
Lay out the series string of cells on the panel so both the last 
positive and negative wires from the cells will be close to- 
gether near the point where you will connect to the No. 18 
gauge panel output wire (figure 28). 
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Figure 27. When gluing cells or cell chips to panel, handle 
with care and be sure to use an adhesive which will retain 
some degree of flexibility. 


After reading all this you may decide soldering is too 
much of a hassle. Don’t despair . . . preassembled panels are 
available for just about any voltage and current you will need. 
Naturally . . . they cost more than the home made ones ... 
but some made from broken chips rival the cost of ones you 
could make yourself. 

When mounting the cells to the base, make certain to 
attach the cells with an adhesive which will stay flexible. 
This will help prevent the cells from fracturing with any 
slight flexing of the base material since the adhesive will 
have some “give”? . The adhesive should also be thermal 
conductive (helping to pull the heat away from the cells 
themselves). The silicon sealant which we have been using 
can be used for this adhesive. 

Before attempting to glue the cells to the base be sure all 
their bottom connecting wires are soldered on correctly . . . 
as you won’t be able to get to them again. 


45 


INTRODUCTION TO SOLAR CELLS 


Figure 28. Final panel before attaching the weather-resist- 
ant cover. Note the output wires securely connected to the 
endmost cells. 


If your cells are small (chips about one or two inches) 
one dab of silicon sealant applied to the bottom will be 
enough. On larger round ones placing a dab evenly in about 
three or four places on the bottom of the cell will do the 
trick (Figure 27). You must push down on the cell to seat 
the sealant. Be sure to seat it low enough so the glass cover 
will clear the surface of the cell. If the cell piece is small there 
will be no problem seating it . . . but larger ones can break 
easily if the pressure is not applied evenly. Pressing down on 
larger cells with a flat smooth piece of wood that covers the 
entire surface of the cell does nicely. After gluing all the cells 
down let the sealer cure for 24 hours. 
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3) Seal all cracks and openings against moisture and dirt. 
Check all the corners where the 1/2 inch trim meets, and 
place a very small bead (sealant squeezed in a line) along the 
inner edge where the trim piece meets the base. 


Finish connecting any wires to the top of the cells. Then 
drill a small hole through the base to allow entrance of a 
connecting wire . . . a 1/4 inch hole will do. Make up a three 
foot length of No. 18 gauge double conductor clear speaker 
wire (Radio Shack part No. 278-008). Tie a knot in one end 
. .. leaving about three inches of wire extended past the knot. 
Split the wire-and remove 1/4 inch of the insulation from 
each wire end and tin these ends. Feed the long end through 
the base hole (you just drilled) from the cell side. The knot 
will stop the wire from going all the way through. This wire 
will connect to the solar cells inside the panel and extend to 
the outside of the panel. We will call it the panel output wire. 

Now screw a small wire clamp (Radio Shack part No. 64- 
3028) over the panel output wire just past the knot on the 
inside of the panel .. . to securely hold it in place. Solder the 
output connections from the solar cells to the prepared panel 
output wires in the following manner: look through the clear 
insulation and identify the copper colored wire and be sure 
to solder this one to the positive output coming from the 
cells. Now connect the silver colored wire to the negative cell 
output (Figure 28). This will allow you to identify the 
positive wire on the completed panel. Now seal the wire hole 
from both sides with sealant. 


4) Select a covering material to place over the trim strips 
attached to the edge of the base. Glass is excellent . . . how- 
ever . . . rigid plastic that is resistant to ultra-violet rays (such 
as used for green houses) is good also. Regular plastic panels 
manufactured with dimples (diffusion lens) on one side, or 
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Figure 29. Finished panel with glass covering installed. Note 
quick disconnects on panel output wires for easy hook-ups. 


rigid storm window plastic can be used . . . though they dis- 
color quickly and soon become brittle if not ultra-violet 
resistant. 

Take the outside measurement of the base and cut the 
cover material to size. Before covering the panel make a final 
check to be sure you are getting the output expected . . . the 
top will be hard to remove once the sealer has set up. If all is 
o.k. run a bead of the sealant completely around the trim 
piece and place the cover directly over the panel and apply 
even pressure to seat it. Your completed panel should look 


similar to the one pictured in Figure 29. 
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8. Electronic “Rooster” 


This unusual piece wasn’t covered with the earlier novelty 
items since it requires soldering techniqus just covered in the 
last few chapters. 

The “rooster” is composed of an electronic solid-state 
tone device which is actuated when the solar cells are exposed 
to the sun. Place it on your bedroom window sill facing the 
morning sun, or put it outside your tent or teepee door and 
and at sunrise the tone will begin. As the sun rises and gets 
brighter the “rooster” will crow louder. 

The “rooster” doesn’t like to crow on rainy days... 
but that’s okay . . . most of us would rather sleep late on 
those days anyway. 

The total size of this unit can be as little as 3” square... 
or the mounting board could be cut to the shape of a rooster. 
The small size makes it ideal to carry around during the day 
so you can show others your electronic “rooster”. 


ASSEMBLING THE ROOSTER 


The three solar cells (or broken pieces of cells) should be 
connected in series. 
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Figure 30. ‘Electronic Rooster’ offers a novel alternative to 
waking up to an alarm clock. Solar cell chips are partially 
camouflaged by feathers from a real rooster. Wires from cells 
to the buzzer can be hidden by passing them through holes 
drilled in the rooster’s body and running them along a 
recessed channel on the back. You may cover the back with 
felt for added protection and appearance. 


The wires going from the cells to the buzzer can be routed 
underneath the wood base where they won’t show. Drill two 
small holes in the base, one by the cells and the other by the 
buzzer. Then pass the buzzer wires and the cell wires through 
to the bottom and solder the positive wire from the cells to 
the red buzzer wire. Solder the negative cell wire to the black 
buzzer wire. If you wish, you may cover the bottom of the 
base with a piece of felt. 


50 


INTRODUCTION TO SOLAR CELLS 


To protect the surface of the cells you may wish to cover 
them with a piece of plastic or spread the silicon sealant over 
their top surfaces. If you’d like more volume from the buzzer 

. simply add more cells in series for higher voltage. If your 
“rooster” fails to crow be sure the red buzzer wire is con- 
nected to the positive wire from the solar cells. The finished 
“rooster” is shown in Figure 30. 


ELECTRONIC “ROOSTER” PARTS LIST 
(One Each Unless Otherwise Noted) 


ITEM SUPPLIER & 


NO. PART NEEDED PART NUMBER 
1. Piezzo Buzzer Tone Device Radio Shack No. 273-060 
2 3 EACH (2x2 cm) Solar Cells 

100 mA each Poly Paks No. 92CU3230 


(or use 3 cell pieces about the 
size of dimes) 


3 Silicon Sealant Radio Shack No. 64-2314 
4 Pkg. No. 22 Gauge Wire Radio Shack No. 278-1307 
5 Piece of Plywood Cut into 


Shape of Rooster if you like Obtain Locally 
6 Plastic Cell Cover Cut to Size Obtain Locally 
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9. Flashlight And Other 
Battery Chargers 


This chapter contains do-it-yourself solar electric chargers 
for charging different size nicad rechargeable flashlight bat- 
teries, 9 volt transistor radio batteries and 6 & 12 volt auto 
and storage batteries. 

The length of time required to charge batteries is directly 
related to the amount of current (amps or mA) used during 
charging. With this in mind, three different charging (or 
current) levels have been specified so that you may pick the 
level that best suits your needs and budget. 

For example, if you use your flashlight around the home- 
stead or campsite for lighting at night you would want to 
charge the batteries fully in one day. If your flashlight gets 
used only two or three times a week and isn’t on for long 
periods of time, then a smaller charging rate would be suffi- 
cient for your needs... and less costly, too. 

For the flashlight battery chargers you should decide 
where to mount the battery holders (used to secure the 
batteries during charging). You can mount them directly 
below the glassed-in area of the solar panel, or mount them 
separately from the panel with a long wire linking them 
together (Figure 31). 

A little more work is involved in building a separate 
mounting board. However, it allows you to place the 
battery holders in a different location than the solar panel 
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Figure 31. Flashlight battery chargers can have a remotely 
located solar cell panel with quick disconnects as shown at 
left or they may be a single, self-contained portable unit, 
right, depending on the individual user’s needs. 


(the panel on the roof and the batteries inside the house). 
The combined unit is more portable, though . . . so take your 
choice. If you do choose to make the combined unit be sure 
to allow room for the battery holders when you figure the 
dimensions of the solar cell base. 

The most common and largest flashlight batteries are the 
D size. There are also C size batteries used in smaller flash- 
lights and some radios. The smaller A sizes are used in pen- 
light sized flashlights and electronic equipment. 

The chargers detailed in this chapter will charge these 
batteries. They are not “trickle” type (giving just enough 
current to keep a battery fully charged), but supply full 
current to quickly charge nicad rechargeable type batteries. 
Be sure to use rechargeable type batteries only . . . the use of 
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regular flashlight batteries could cause the batteries to burst, 
resulting in injury or damage. 

Remove the batteries from the charger as soon as they 
have received a full charge. Read the recommended charging 
rates on the batteries to be sure you don’t overcharge them. 


SOLAR RECHARGING UNIT FOR TWO SIZE D 
NICAD OR TWO SIZE C NICAD BATTERIES 


SIZE D CHARGER 
The time it will take to charge the two D batteries 
can be controlled by the size (current) of the solar cell 
you select to use in Item No. 12. Charging time is approxi- 
mate and depends on full sun conditions. 
A ready-made 400 mA solar panel is available from Chaney 
(Part No. C24351). The panel could be used for this charger. 
If you decide to purchase a finished panel, you will only 
need items Nos. 1, 3, 7, 9 and 11. 


ITEM SUPPLIER & 
NO. Pe EERED PART NUMBER 
1 Pkg. of 2 Diodes, 3 Amp, 50 Voit Radio Shack No. 276-1141 


2 Plywood Panel Base; Figure Size Obtain Locally 
From Your Cell Area 


3 Plywood Battery Mounting Obtain Locally 
Base — Approximately 4” x 8” 
4 Length of 2” Wood Trim, Obtain Locally 
%” to 1” Wide 
5 Piece of Glass or Plastic Obtain Locally 
To Fit Panel 
6 Silicon Sealant Radio Shack No. 64-2314 
30 Ft. Two Wire, 18 Gauge Radio Shack No. 278-1602 
8 Pkg. 75 Ft., 22 Gauge Wire Radio Shack No. 278-1307 
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9 Pkg. Wire Quick Disconnects Radio Shack No. 64-3049 
10 Pkg. Wire Clamps Radio Shack No. 64-3028 
11 Double D Size Battery Holder Radio Shack No. 270-386 


12 Nine Solar Cells, Select Cell Size: 


SLOW CHARGE (10-14 Hours) 


2x2 cm 100mA_ Poly Paks No. 92CU3230 
or % of 2” 100mA Chaney No. C24325 


REGULAR CHARGE (7-10 Hours) 


% of 3” 225mA_ Chaney No. C24326 
or 2x4 cm 200mA _s~Poly Paks No. 92CU3231A 


FAST CHARGE (4-7 Hours) 


Weof 3” 300mA Chaney No. C24330 
% of 312” 400mA Poly Paks No. 92CU5307 


SIZE C CHARGER 
As with the D charger, the time it will take to charge two 
size C batteries can be controlled by the size (current) of the 
solar cell you select to use in Item No. 12. Charging time is 
approximate and depends on full sun conditions. 


ITEM SUPPLIER & 
EEDE 
NO. nee” PART NUMBER 


1 Pkg. of 2 Diodes, 3 Amp, 50 Volt Radio Shack No. 276-1141 


2 Plywood Panel Base; Figure Size Obtain Locally 
From Your Cell Area 


3 Plywood Battery Mounting Obtain Locally 
Base — Approximately 4” x 8” 

4 Length of 4” Wood Trim, Obtain Locally 
%" to 1” Wide 

5 Piece of Glass or Plastic Obtain Locally 
To Fit Panel 
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6 Silicon Sealant Radio Shack No. 64-2314 
7 30 Ft. Two Wire, 18 Gauge Radio Shack No. 278-1602 
8 Pkg. 75 Ft., 22 Gauge Wire Radio Shack No. 278-1307 
9 Pkg. Wire Quick Disconnects Radio Shack No. 64-3049 
10 Pkg. Wire Clamps Radio Shack No. 64-3028 
11 Double C Size Battery Holder Radio Shack No. 270-385 


12 Nine Solar Cells, Select Cell Size: 


SLOW CHARGE (10-14 Hours) 


2x2 cm 100mA Poly Paks No. 92CU3230 
or % of 2” 100mA Chaney No. C24325 


REGULAR CHARGE (7-10 Hours) 
2x4 cm 200mA _ Poly Paks No. 92CU3231A 
FAST CHARGE (4-7 Hours) 


1/3 of 3” 300mA Chaney No. C24330 


ASSEMBLING THE SIZE D OR C CHARGER 


Follow the instructions for assembling the panel in the 
chapters “joining the cells” and “making a panel”. You 
should join the nine solar cells in series. 

A convenient way to mount the plastic battery holders to 
the battery mounting base is to use double stick foam tape 
(Radio Shack part No. 64-2344). If you prefer . . . small 
wood screws will work. When mounting the holders place 
them off center to allow extra room at one end of the base 
for attaching the blocking diode and cable clamp (See Figure 
No. 32). 

Figure the length of wire that will be necessary to reach 
from your panel output wire to where the battery holder 
base will be located . . . cut the No. 18 gauge double wire to 
this length, separate and strip % inch of insulation from both 
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Figure 32. Close-up view of battery base only. Note blocking 
diode (arrow), quick disconnects for handy hook-ups to 
panel wires. 


ends and tin all four wire ends with solder. Take one end of 
this wire and secure it to the battery base with a cable clamp 
... leaving about a three inch piece extending past the clamp 
on the battery side. 

Look through the clear insulation and solder the silver 
wire (coming through the cable clamp) to the black (negative) 
battery holder wire. Now solder the red (positive) battery 
holder wire to the banded end of the blocking diode (the 
diode has a band around the porcelain body on one end). 
Then solder the unbanded end of the diode to the copper 
colored wire céming through the cable clamp (See Figure 
33). Tape the exposed wire with plastic electrical tape to 
prevent short circuits. This completes the battery base 
assembly. 
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BLACK QUICK 
DISCONNECT 


RED QUICK 
DISCONNECT 


SILVER COPPER 


BATTERY HOLDER 


Figure 33. Wiring Diagram For Battery Base Assembly 
(Attach diode with banded end toward battery red wire.) 
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Join the wires coming from the completed battery base 
assembly to the solar panel output wires with the quick dis- 
connect connectors. These are solderless connectors . . . all 
you have to do is insert the wires into the end of the connec- 
tor and crimp the end with pliers or a crimping tool. Use the 
red connectors on each copper colored (positive) wire and 
the black connectors on each silver (negative) colored wire. 
This will assure that the positive panel wire will be hooked to 
the respective battery positive wire. 

If you desire, you can use the quick disconnects on the 
battery base assembly so you will be able to remove it quickly 
from the wire going to the panel. Hook up the wires as 
previously stated. Then cut the wires a foot or two from the 
battery base assembly and insert the quick disconnects. 

When inserting the batteries into the plastic battery 
holders the negative (-) end of the battery should always 
contact the spring in the holder. 


SOLAR RECHARGING UNIT FOR TWO SIZE A NICAD 
BATTERIES 


The time it will take to charge the two batteries can be 
controlled by the size (current) of the solar cell you select 
to use in item No. 12. Charging time is approximate and 
depends on full sun conditions. 


ITEM SUPPLIER & 
NO. PART NEEDED PART NUMBER 


1 Pkg. of 2 Diodes, 3 Amp, 50 Volt Radio Shack No. 276-1141 


2 Plywood Panel Base; Figure Size Obtain Locaily 
From Your Cell Area 


3 Plywood Battery Mounting Obtain Locally 
Base — Approximately 4” x 8” 
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4 Length of %” Wood Trim, Obtain Locally 

%" to 1” Wide 
5 Piece of Glass or Plastic Obtain Locally 

To Fit Panel 
6 Silicon Sealant Radio Shack No. 64-2314 
7 30 Ft. Two Wire, 18 Gauge Radio Shack No. 278-1602 
8 Pkg. 75 Ft., 22 Gauge Wire Radio Shack No. 278-1307 
9 Pkg. Wire Quick Disconnects Radio Shack No. 64-3049 
10 Pkg. Wire Clamps Radio Shack No. 64-3028 
11 Two size A battery holders Radio Shack No. 270-401 


12 Nine Solar Cells, Select Cell Size: 


SLOW CHARGE (10-14 Hours) 


Break in half five 2x2 cm 
100mA cells and use nine Poly Paks No. 92CU3230 
of the half cell pieces 


REGULAR CHARGE (7-10 Hours) 


2x2 cm 100mA Poly Paks No. 92CU3230 
or % of 2” 100mA Chaney No. C24325 


FAST CHARGE (4-7 Hours) 


2x4 cm 200mA Poly Paks No. 92CU3231A 


ASSEMBLING THE SIZE A CHARGER 


Follow the instructions for assembling the panel in the 
chapters “Joining the cells” and “Making a panel”. You 
should join the nine solar cells in series. 

We need to join the two battery holders (item No. 11) 
together electrically . . . solder the black wire from one of the 
holders to the red wire on the other holder. Tape this con- 
nection with plastic electrical tape. (For a neater appearance, 
you could shorten these two wires before soldering and 


taping: ) 
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Figure 34. Size A Battery Holder and Mounting Board. Note 
quick disconnects for attaching to solar cell panel, blocking 
diode on positive wire. 
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QUICK 
DISCONNECTS 


Figure 35. Electrical Diagram For Size A Battery Holder. 
(Opposit page.) 
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Mounting the plastic battery holders is accomplished in 
the same manner as for the size D or C battery holder .. . 
with tape or screws. Again, when mounting the holders place 
them off center to allow extra room at one end of the base 
for attaching the blocking diode and cable clamp (See Figure 
34), 

Figure the length of wire that will be necessary to reach 
from your panel output wire to where the battery holder 
base will be located . ... cut the No. 18 gauge double wire to 
this length, separate and strip % inch of insulation from both 
ends and tin all four wire ends with solder. Take one end of 
this wire and secure it to the battery base with a cable clamp 
. . . leaving about a three inch piece extending past the clamp 
on the battery side. 

Look through the clear insulation and solder the silver 
wire (coming through the cable clamp) to the black (negative) 
battery holder wire. Now solder the red (positive) battery 
holder wire to the banded end of the blocking diode (the 
diode has a band around the porcelain body on one end). 
Then solder the unbanded end of the diode to the copper 
colored wire coming through the cable clamp (See Figures 
34 and 35). Tape the exposed wire with plastic electrical 
tape to prevent short circuits. This completes the battery 
base assembly. 

Join the wires coming from the completed battery base 
assembly to the solar panel output wires with the quick dis- 
connect connectors. These are solderless connectors .. . all 
you have to do is insert the wires into the end of the connec- 
tor and crimp the end with pliers or a crimping tool. Use the 
red connectors on each copper colored (positive) wire and 
the black connectors on each silver (negative) colored wire. 
This will assure that the positive panel wire will be hooked 
to the respective battery positive wire. 
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If you desire, you can use the quick disconnects on the 
battery base assembly so you will be able to remove it quickly 
from the wire going to the panel. Hook up the wires as 
previously stated. Then cut the wires a foot or two from the 
battery base assembly and insert the quick disconnects. 


9 VOLT SOLAR TRANSISTOR-T YPE 
BATTERY CHARGER 


Most small portable radios, some electronic games and 
toys, and many electronic items utilize this battery. The 
regular replacement types are becoming expensive. If you use 
a lot of them consider switching to a nicad rechargeable type 
as they can be recharged hundreds of times. 

If you are located in a remote area they make a depend- 
able source of power when charged from a solar panel. 

They will also power a radio in the event the commercial 
power would fail due to a local or national emergency. 

This size battery requires very little current for charging 

. .much less than the smallest solar cell that’s manufactured 
would supply. However, we can use small pieces called “‘chips”’ 
that are actually sections from regular size cells that were 
broken during manufacturing and handling. These small chips 
(about the size of a dime) will supply enough current to re- 
charge the 9 volt battery. 

Many companies sell their broken cell pieces at attractive 
prices . . . this is what we will use. A ready made panel is also 


available from Poly Paks (part No. 92CU6413). It supplies 
either 3, 6, or 9 volts at 50 mA. 

Since this battery requires so little current we need to use 
a current limiting resistor between it and the panel to protect 
the battery from damage. This resistor will allow only a 
certain amount of current to flow to the battery and no more 
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9 VOLT 
SOLAR CELL 
PANEL 
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Figure 36. 9 Volt Battery Charger 


Additional battery clip and resistor may be added as shown 
in dotted lines. 
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. thus protecting it from overcharging. Use one current 


limiting resistor in series with each battery you intend to use. 
(See Figure 36.) Failure to use this protection can result 
in damage to the battery. 


Both the ready made and home built panels are capable 


of charging several batteries at once. If you need to charge 


two .. 


. simply use one extra current limiting resistor (item 


No. 9) and another battery terminal clip (item No. 10 on the 
parts list). 


iTEM 


NO. 


1 
2 


< 


4 


e=]{/0 0" OO O1 


PART NEEDED 


Pkg. of 2 diodes 3 amp 50 volt 
Plywood panel base; figure 
size from your cell area. 
Length of %”’ wood trim 

% to 1 inch wide 

Piece of glass or plastic to 

fit panel 

Silicon sealant 

30 feet two wire No. 18 gauge 
Pkg. 75 foot No. 22 gauge wire 
Pkg. wire clamps 

Resistor (current limiting) 

Pkg. 5 battery terminal clips 
Solar cell chips, 25 will be 
needed 


Pkg. of 25 smail cell chips 
or 3 pkgs. of 10 cell chips 


SUPPLIER & 
PART NUMBER 


Radio Shack No. 276-1141 
Obtain Locally 
Obtain Locally 


Obtain locally 

Radio Shack No. 64-2314 
Radio Shack No. 278-1602 
Radio Shack No. 278-1307 
Radio Shack No. 64-3028 
Radio Shack No. 271-012 
Radio Shack No. 270-325 


No. €24341 
No. 92CU5310 


Chaney 
Poly Paks 


ASSEMBLING THE 9 VOLT CHARGER 


Assemble the panel following the instructions in the 
chapters “Joining the cells into a panel” and “Making a 
panel”. The 25 cell chips will be joined in series. 
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Figure 37. 9 volt battery charger with quick disconnect mode 
of attaching to solar cell panel. Note diode and limiting resis- 
tor in left hand (positive) wire. Since very little current is 
required to charge 9 volt transistor-type batteries, the resistor 
is essential to prevent damage to the battery. 


Measure the distance from where the panel output wires 
will be to where you wish to locate the battery charger and 
batteries. Cut the picce of No. 18 gauge double wire (item 
No. 6) to this length and remove % inch of the insulation 
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from the two wires on each end. Tin all four wire ends with 
solder. One end of this wire will be attached to the panel 
output wires . . . solder the copper colored (positive) wires 
together and solder the silver (negative) wires together. Tape 
each of these two connections with plastic electrical tape to 
prevent a short circuit. 

The other end of this double wire connects to the battery 
charger. First . . . take the copper colored (positive) wire and 
solder it to the unbanded end of the diode (the diode has a 
band around the other end of the porcelain body). Solder the 
banded end of the diode to the limiting resistor (either end is 
o.k.). Then solder the other end of the limiting resistor to the 
red battery terminal clip wire. Finally, solder the black wire 
(negative) from the battery terminal clip to the silver wire 
coming from the panel. Be sure to use a resistor between each 
battery clip wire and the diode if you use more than one 
battery terminal clip (See Figures 36 and 37). 


6 AND 12 VOLT SOLAR BATTERY CHARGERS 
THE 6 VOLT SOLAR BATTERY CHARGER 


Six volt batteries have many larger applications than the 
flashlight type. They are used in tractors and farm equipment, 
battery operated fence chargers, lanterns, and also some 
electrical equipment. A small 50 to 100 mA panel can keep 
the batteries on a remotely located or seldom used tractor in 
top charge and ready to go. The larger panels will give up to a 
2 amp charge. If more current is needed hook several in 
parallel to add their current. 

Several preassembled panels are available. Chaney sells an 
inexpensive solar panel made from broken chips rated at 60 
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mA (Chaney part No C24352) .. . and Poly Paks offers a 
panel with three output voltages 3, 6, and 9 volts at 50 mA 
each (Poly Paks part No. 92CU6413). If you wish to use a 
preassembled panel you will need . . . from the following 
parts list .. . only items No. 1, 2, and 7. 


ITEM SUPPLIER & 
NO. EAR aro PART NUMBER 


(One each unless otherwise noted) 


1 Pkg. of red and black clips Radio Shack No. 270-349 
2 Pkg. of 2 diodes 3 amp 50 volt Radio Shack No. 276-1141 
3 Plywood panel base; figure 
size from your cell area. Obtain Locally 
4 Length of %” wood trim % 
to 1 inch wide Obtain Locally 
5 Piece of glass or plastic to 
fit panel Obtain Locally 
6 Silicon sealant Radio Shack No. 64-2314 
7 30 feet two wire No. 18 gauge Radio Shack No. 278-1602 
8 Pkg. 75 foot No. 22 gauge wire Radio Shack No. 278-1307 
9 Pkg. wire clamps Radio Shack No. 64-3028 
10 Eighteen solar cells, select 
your cell size: 
100 mA (2x2 cm) Poly Paks No. 92CU3230 
or(%Zof 2”) Chaney No. C24325 
% amp (% of 2”) Chaney No. C24324 
% amp (% of 3”) Chaney No. C24328 
or (% of 4”) Poly Paks No. 92CU5308 
1 amp (3%"" round) —_ Poly Paks No. 92CU3788 
or (3’’ round) RadioShack No. 276-123 
2 amp (4” round) Poly Paks No. 92CU6547 


The 12 Volt Solar Battery Charger 


The 12 volt battery is the most widely used storage bat- 
tery. It’s used extensively for farm and road equipment as 


70 


INTRODUCTION TO SOLAR CELLS 


well as automobile, marine, radio transmission equipment, 
plus hundreds of other applications. A small 100 mA panel 
can keep a seldom used or remote piece of equipment fully 
charged and ready to go. A panel made from the largest cell 
available will supply 2 amps. A larger current can be supplied 
by building additional panels and attaching them together in 
parallel. 

A pre-made solar panel such as Chaney’s 12 volt 100 mA 
panel (Chaney part No. C24354) can be used. In that event, 
the only parts you need to order are items No. 1, 2, and 7. 


ITEM SUPPLIER & 


NO. PART NEEDED PART NUMBER 


(One Each Unless Otherwise Noted) 


1. Pkg. red and black clips Radio Shack No. 270-349 
2 Pkg. of 2 diodes 3 amp 50 volt Radio Shack No. 276-1141 
3 Plywood panel base; figure 
size from your cell area. Obtain Locally 
4 Length of %” wood trim % 
to 1 inch wide Obtain Locally 
5 Piece of glass or plastic to 
fit panel Obtain Locally 
6 Silicon sealant Radio Shack No. 64-2314 
7 30 feet two wire No. 18 gauge Radio Shack No. 278-1602 
8 Pkg. 75 foot No. 22 gauge wire Radio Shack No. 278-1307 
9 Pkg. wire clamps Radio Shack No. 64-3028 
10 Thirty six solar cells, 
Select your cell size: 
100mA = (2x2 cm) Poly Paks No. 92CU3230 
or (% of 2”) Chaney No. C24325 
% amp (% of 2”) Chaney No. C24324 
% amp (% of 3”) Chaney No. C24328 
or (% of 4”) Poly Paks No. 92CU5308 
1 amp (3%" round) Poly Paks No. 92CU3788 
or (3” round) Radio Shack No. 276-123 
2 amp (4” round) Poly Paks No. 92CU6547 
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SOLAR CELL 
PANEL 


© 


DIODE 


CONNECT SILVER WIRE 
TO SILVER PANEL WIRE 


Figure 38. Solar Cell Panel With Blocking Diode, Battery 
Wires And Clips. Connect diode to positive copper wires with 
banded end facing away from panel (toward battery). 
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ASSEMBLING THE 6 AND 12 VOLT CHARGER 


Assemble the panel following the instructions in the 
chapters ‘Joining the cells” and “Making a panel”. Eighteen 
solar cells should be connected in series for the 6 volt panel 
or thirty six in series for the 12 volt panel. 

Cut a piece of No. 18 gauge double wire to a length of 6 
feet, more or less as needed . . . (this is item No. 7 on the 
parts list). Cut back %4 inch insulation from both wires on 
each end of this piece. Tin all four of these ends with solder. 
Look through the clear insulation on the wire and locate the 
copper and silver colored wires inside. Attach the red insulated 
alligator clip to the copper colored (positive) wire and the 
black alligator clip to the silver colored (negative) wire on the 
same end. Be sure to slip the insulator over the wire before 
attaching the wire to the metal clip. These are the clips you 
will use to connect to your six or twelve volt battery. The red 
is positive and the black is negative. 


The other end of this wire will be attached to your solar 
panel. Solder the copper (positive) wire to the dark banded 
end of the diode (the diode has a dark band around the por- 
celain body on one end). Solder the other end of the diode to 
the copper (positive) wire coming from the solar panel. 

Then solder the two silver (negative) wires together. This 


completes the hook-up (See Figure 38). 
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10. Small Homestead 
Or Camper Power 


Some homesteads and campers are located away from 
commercial power and must look to other sources for electri- 
city. Several choices are available . . . gasoline or diesel 
generators, wind, and hydroelectric. Gasoline and diesel 
generators consume nonrenewable resources and have a high 
operating cost due to wearing out of mechanical parts. Wind 
generators produce electricity without consuming energy... 
however, mechanical parts are still a problem. Hydroelectric 
is a dependable source of electricity but it also has mechanical 
parts... plus water must be readily available to operate the 
system. 

Solar (photovoltaic) cells make use of the greatest renew- 
able energy source in the world . . . the sun. It’s available in 
abundance over most of the earth. The cell’s reliability is 
excellent . . . since there are no moving parts to wear out. 
Maintenance is low . . . an occasional washing of the panel 
covering may be necessary . . . although rainfall usually takes 
care of even this. 

In order to use solar cells for generation of useful home- 
stead or camper power, a greater number of cells will be 
necessary compared to the previous projects we have des- 
cribed. The smallest useful system should generate 3 amps... 
twice that amount would be better . . . and four times that, 
or 12 amps, would be ideal. Of course, sometimes anything 
would be a benefit. 
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As soon as we begin to make our own electricity we 
quickly learn to conserve . . . and control our use of it. We 
realize then how much electricity we consume (and take for 
granted) when we are connected to commercial power lines. 


ELECTRICITY REQUIREMENTS FOR ITEMS 
AROUND THE HOMESTEAD 


Let’s take a look at the electrical items a homestead or 
remote camper might use and the power that they require. 
Then we can determine the total amount of current needed 
and the size panel that would be necessary to supply that 
power. 


ITEM AMPS USED HOURS A DAY 
12 volt refrigerator 2 an hour average 24 

12 volt pump 2to4 1to2 

12 volt blower 2to4 12 
Sewing machine 5 v2 

Electric typewriter 3 v2) 

12 volt fluorescent light 1 to 3 

12 volt television 2to4 1 


The heaviest user of power would be the refrigerator, 
since it would have to operate 24 hours a day. The hourly 
amount of 2 amps is not bad .. . however, in a 24 hour day it 
will require approximately 48 amps. Suppose that you live in 
a four hour peak sunlight area of the country. That would 
take a panel supplying 12 amps the full four hours of peak 
sunlight just to operate the refrigerator. Of course, during 
cold weather you might not require as much refrigeration, 
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but it’s probably more economical to operate a propane gas 
refrigerator until prices of solar cells come way down. 

The next heaviest user appears to be the blower used for 
circulating heat from a solar heat collector or fireplace. It 
draws an average of 3 amps and if we operate it for 12 hours 
a day, 36 amps would be required. We would need a panel 
with an output of 9 amps just to operate the blower. 

You can see by now... it would require a large amount 
of cells to handle power for either of these items. Since we 
are trying to build a system to supply an average user (from 
the standpoint of both electricity and money) we must con- 
sider using a smaller panel. When the price of the cells drops 
to around a dollar a watt, additional panels can be added to 
handle these large energy consuming items. 

The 12 volt fluorescent light supplies many times more 
light (approximately four times more) than a conventional 
bulb . . . of course, the original purchase price is higher. The 
lamp will draw an average of 2 amps and will be used around 
5 hours a day, for a daily current use of 10 amps. Thus, a 
panel supplying 2% amps could furnish the power in our four 
hours of peak sunlight area (10 amps + 4 peak hours = 2% 
amp panel). This is a realistic amount, so we will plan on 
being able to use the lamp. 

A small 12 volt water pump of sufficient capacity to run 
sink water from a local source would consume 3 amps while 
running. However, it would only operate while you were 
actually using water . .. let’s say about 1 hour total time in a 
day. That means 3 amps a day would be required . . . which 
should be easy to meet. 

The sewing machine takes about 5 amps while in opera- 
tion and would probably be used % hour a day. This would 
require only 24% amps daily . . . no problem using this item 


either. 
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The electric typewriter takes about 3 amps while in 
operation and let’s say it will be used % hour a day. The type- 
writer will be drawing 1% amps a day . . . again no problem 
supplying power for it. 

A small transistorized TV draws about 3 amps an hour. If 
you were to watch the daily news for an hour each day your 
total daily current needs for this item would be 3 amps per 


day. 
CALCULATING YOUR NEEDS 


Let’s add up the items that could be operated from a 


small solar panel and see just how much total electricity we 
will need on a 24 hour basis. 


Lighting 10 amps 
Pump 3 amps 
Sewing Machine 2% amps 
Typewriter * 1% amps 
Television 3 amps 


20 amps per day total 


If we live in an area of 4 peak sun hours daily (check 
yours on the chart, see Figure 24) . . . we would need to 
build a panel . . . or panels . . . capable of supplying 5 amps 
(4 hours x 5 amps = 20 amp total). 

By now you have gotten the idea how to calculate your 
needs. Perhaps the equipment you want to operate is different 
. . . just rework the new amounts in the same manner to 
come up with your requirements. 


PANEL AND BATTERY SPECIFICATIONS 


Let’s go over the number of cells it will take to build this 
5 amp panel. Select a cell with the highest current rating you 
can get... that will cut down on the total number of cells 


78 


INTRODUCTION TO SOLAR CELLS 


. and also reduce the number of solder connections. The 
largest solar cell currently available is a 2 amp four inch 
round, A panel containing 36 of them in series will supply 
2 amps at 12 volts. Three panels connected in parallel will 
supply 6 amps . . . enough to meet our requirements, with 
one amp additional. 

The battery system to store the panel’s output for night 
time and cloudy days should consist of deep cycle marine, 
golf cart, or RV type batteries. Normal automotive type 
batteries are not designed to be discharged down and then - 
charged back up constantly and will be damaged in a short 
time. The internal plates and separators on deep cycle bat- 
teries were manufactured to permit this constant charging 
and discharging. They will last up to 10 times longer than an 
automotive battery. 

Deep cycle batteries come in 12 volt 85 amp and 105 
amp capacities. Six volt golf cart type have about a 200 amp 
rating. The larger the capacity . . . the longer they can supply 
power during cloudy days... so purchase the largest you can 
afford. They are available from Sears, Wards, and other local 
stores. 

If you want to increase your electric storage capacity to 
more than the 105 amps that the 12 volt battery can supply, 
two of them may be hooked in parallel . . . although the 
better method would be to use two 6 volt 200 amp golf cart 
batteries in series (See Figure 39). The storage capacity is 
about the same in either case . . . however, putting two 
batteries in parallel should be avoided if possible because 
they interact with each other and will slowly discharge them- 
selves over a period of time. It is better to connect two 6 volt 
(deep cycle) golf cart batteries in series if you can. 

Deep cycle batteries subjected to daily charging and dis- 
charging will use additional amounts of water. Keeping the 
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12 VOLT 
200 AMP 


O ca 
2-12 VOLT 
100 AMP 
OK 


TOTAL 
12 VOLTS 
200 AMPS 


6 VOLT 
200 AMP 


BEST 


Figure 39. To provide extra capacity for storage of electric- 
ity, two 6 volt batteries in series is superior to two 12 volt 
batteries in parallel. 
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battery water at its recommended level will assure long and 
trouble-free operation. 

Most battery manufacturers recommend distilled or de- 
mineralized water (filtered rain water would work) to prolong 
the life of the battery. Most water has a mineral content 
which can counteract the acid in the battery. Continued use 
of this water may shorten the life of a battery. So play it 
safe and use distilled or de-mineralized water. 


WIRING SIZES AND DISTANCES 


Wiring between the panel and battery should be kept as 
short as possible (under 40 feet) and at least a 12 gauge (but 
preferably 10 gauge) wire should be used. The wiring to your 
electrical appliances should also be as short as possible and at 
least a 12 gauge wire should be used. Low voltage DC wiring 
needs to be considerably heavier than regular house type wire 
or a voltage drop will occur .. . especially on runs over 20 
feet. 

An in-line fuse holder (Radio Shack part No. 270-1281) 
should be installed at the battery on each wire going to 12 
volt equipment. Use a fuse of sufficient size to handle the 
current that the equipment will be drawing (See Figure 42). 


VOLTAGE REGULATORS 


No voltage regulator will be necessary if your system is in 
constant use. But, if you should go on vacation or have to 
leave the system charging for days without drawing power, 
the batteries could overcharge. To prevent this .. . either 
install a cut-off switch in the solar panel line to stop the 
power from reaching the batteries . . . or build a regulator 
and it will operate automatically for you. (A battery regulator 
for up to 10 amps is shown in Figure 40.) 
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PARTS LIST FOR BATTERY REGULATOR 


(Opposite Page) 
Heat Sink Radio Shack No. 276-1361 
Mounting Hardware Radio Shack No. 276-1371 
Silicon Grease Radio Shack No. 276-1372 
R1 Adj. Voltage Control Radio Shack No. 271-1720 
220 Ohm Resistor Radio Shack No. 271-015 


LM 338, 5 Amp Regulator (Tri-Tek or other supplier, 
see List of Suppliers at end of book.) 


The regulator will control the voltage going to the 
battery by adjusting R1. The voltage should initially 
be set at 14-14% volts at noon on a sunny day. If 
your system requires additional current capacity (5 to 
10 amps), simply add another LM 338 regulator as 
indicated in the drawing. 
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SOLAR CELL PANELS 


R1 ADJ. 
VOLTAGE 
CONTROL 


sea a 
Oy 2@ 
BATTERY 


Figure 40. 12-15 Volt, 5-10 Amp Adjustable 
Battery Regulator 
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PARTS LIST FOR 12 VOLT REGULATOR 


(Opposite Page) 
Heat Sink Radio Shack No. 276-1361 
Mounting Hardware Radio Shack No. 276-1371 
Silicon Grease Radio Shack No. 276-1372 


Type 78H12KC Regulator (Tri-Tek or other supplier, 
see List of Suppliers at end of book.) 


78H 12KC is a self-contained, 5 amp, 12 volt regulator 
which needs no external parts except a heat sink on 
which it is to be mounted. It features internal thermal 
overload protection and short circuit current limiting. 


84 


INTRODUCTION TO SOLAR CELLS 


juaUdINby 91U04}99]9 aAIjISUaS-abeO/A, 404 JOJe/NBaY YOA ZL “Ly anbl4 


LNAWdINOA 
AAILISNAS AddALLVd OL 


-AJDVLIOA OL 


ANIS LVAH YOLVINDAY DICLH8Z 


85 


INTRODUCTION TO SOLAR CELLS 


During the day .. . when the solar panels are producing 
their maximum power output . . . the voltage at the battery 
can rise substantially over the battery’s normal 12 volts. The 
voltage could go as much as two or three volts higher than 
normal. This could damage delicate electronic equipment 
such as transistorized televisions, radios, tape recorders, and 
other instruments that should not be operated at voltages in 
excess of 14 volts. Either use a voltage regulator (a 12 volt 
regulator is shown in Figure 41) in the supply line with this 
type equipment or use the equipment only at night when the 
panels are not supplying excess voltage to the batteries. This 
high voltage during the day should not cause a problem for 
motorized equipment, light bulbs, or 120 volt AC inverters. 


THE INVERTER: GETTING REGULAR 120 VOLTS AC 
FROM BATTERIES 


To operate small 120 volt AC appliances such as a type- 
writer, blender, sewing machine, electric drill, etc, an inverter 


KEY TO LINE AMPERAGE & USES 
(Figure 42, Opposite Page) 

Line A 5 amp fuse; 12 volt, 5 amp regulator are connected 
to positive wire of Line A. This line supplies all 
voltage-sensitive equipment such as a TV, recorder, 
etc. 


LINE B_ This line is equipped with a 10-20 amp fuse on the 
positive wire and is used to power lighting, a pump, 
etc. 

LINEC A 30 amp fuse is located between the DC battery 
and the 120 volt AC inverter which supplies 300 
watts. The inverter has an on/off switch and 
an AC plug-in. 
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Figure 42. 6 Amp System For Homesteads 
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will be necessary. The inverter will take 12 volt direct current 
(DC) from the batteries and change it to 120 volt alternating 
current (AC) needed to operate these appliances. 

Sears Roebuck, Montgomery Ward, Radio Shack, and 
similar electronic stores handle these inverters. They come in 
many sizes. The higher powered ones draw more battery 
current and also cost more. Check your needs and inverter 
specifications carefully to be sure the inverter will handle the 
job. The inverter draws large amounts of current from the 
batteries, so place it very close to the batteries and use a No. 
10 wire when hooking it up. 


CONNECTING THE TOTAL SYSTEM 


Let’s review the items we’ve covered so far and compare 
them with the system in the drawing (Figure 42). Shown are 
three panels wired in parallel. (You could use only one or 
two if your electrical requirements are less). Each supplies 2 
amps at 12 volts... . fora total of 6 amps at peak sun. There 
will be a lesser output during the early morning and late . 
afternoon when the sun is low on the horizon. 

The electricity from each panel is fed through a 3 amp 
blocking diode and the banded ends of the diodes are con- 
nected together to the panel cutoff switch. From the switch 
the electricity flows directly to the deep cycle battery or 
batteries. 

The 12 volt wires going to your appliances and other 
equipment have an in-line fuse on each wire (located at the 
battery) for short circuit protection. Voltage sensitive equip- 
ment that must be operated during the day will be supplied 
through a 12 volt regulator. The 120 volt DC to AC inverter 
is located close to the battery and is connected with a 30 
amp in-line fuse to the battery with at least a No. 10 wire. 


88 


INTRODUCTION TO SOLAR CELLS 


The inverter has a built in socket and switch to turn the AC 
power on and off. 


CAMPER ROOF TOP SOLAR PANEL 


A camper, trailer, or motorhome system will be much 
simpler in some ways because the battery and wiring is already 
installed. All that’s required is the solar panel (or panels), 
blocking diodes (one for each panel), and a panel cutoff 
switch. Figure the panel size needed for your equipment as 
we did in the chapter on homestead power to determine the 
size solar panel that will be necessary. 

Building . . . and especially mounting . . . panels on 
campers and other moving vehicles present some problems. 
The panels must be built to survive moderate to heavy vibra- 
tion. Also, driving rain will try to work its way into the 
panels, so extra care in waterproofing will be necessary. 

Some method of raising the sides of the panels so the sun 
can strike the panel at a straight angle would be advantageous 
for highest cell output. This is not a problem on stationary 
installations where only one side needs to be elevated, but 
parking in different directions means the panel would need to 
be raised on any of its four sides in order to face the sun at 
that particular moment. 

The panel will have to be secured to the vehicle roof well 
to survive the winds it will encounter while underway. So... 
although the camper type system is simpler in many ways... 
more care and work must be used in building and securing 
the panels. 

The use of rigid aluminum for the panel base in this 
application should be considered. It’s light, makes a good 
heat sink (material that will draw the suns’ heat away from 
the cells) and is weather resistant. If you decide to use this 
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Figure 43. Solar cell panel on camper roof eliminates need 
for costly, noisy and fuel-consuming generator at remote 
campsites. Panel can be disconnected and stowed within 
camper during travel, then reconnected, erected and faced 
toward sun when vehicle is stationary. 
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material be sure it is stiff enough that no bending or flexing 
can occur that could fracture the cells. Be careful that the 
back (metal coated) sides of the solar cells do not directly 
contact the aluminum panel base. A very flexible cell 
adhesive (silicon sealant) is necessary to help soften any 
shocks or bending the cells may encounter caused by the base 
material flexing slightly. 

Two panels supplying a total of 4 amps at 12 volts will 
require a base of approximately 36 by 40 inches. This size 
should present no problem as most vehicle roofs have this 
much area available. 

These two, 2 amp panels will supply a surprising amount 
of electricity in one day . . . perhaps not all you would need 
every day ... but a large portion of it. Additional panels 
could be added later to make your RV electrically self- 
contained (See Figure 43). 
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11. Hints And Suggestions 


PANEL TILTING, TRACKING AND USE OF MIRRORS 


The angle at which the sun strikes the solar cells will 
affect their electrical output. Whenever possible, elevate the 
panels so the sun will strike at right angles to their surface at 
noontime. This angle will change during the year as the sun 
moves north in the summer and south in the winter. You 
could set the panel at 45 degrees and leave it all year... 
however, a slight increase can be gained by adjusting the tilt 
for maximum output of the panel at mid-day. 

By tilting the panel towards the sun during the early 
morning and late afternoon a considerable increase in output 
can be gained. However, the mechanics of changing the 
direction during the day would necessitate a moving or 
tracking panel and the complexity and expense might be 
beyond our means at this time. 

Mirrors properly placed to reflect additional sun toward 
the cells can increase their output significantly. However, in 
warm climates additional sun striking the cells will increase 
their temperature and lower their output, thereby cancelling 
out some of the benefit. 


RADIO SHACK NO. 18 GAUGE 
WIRE POLARIZATION 


During the building of the battery charger units it was 
found that Radio Shack wire (part No. 278-1602) was not 
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always clearly marked with a silver (negative) wire. Some 
packages of the wire were very hard to identify. If you 
encounter this problem lay the wire flat on the floor with no 
twists in it. Follow and mark one side of the wire at each end 
so you can identify them. Or you can split the dual wire 
down the center and pull it apart into two separate wires. 


BANDED ENDS OF THE DIODES 


The shape of the diode’s body may vary but one end of it 
will be banded. The banded end of the diode always faces the 
battery. 


SOLAR CELL PRICES 


The cost of the parts used in the first few chapters was 
given to enable you to determine the relative cost of each 
project. The price shown for the solar cells was the cost at 
time of publishing and should be lower by the time you begin 
your projects. The cost of cells will continue to drop rapidly 
in the next few years, allowing you to make many of the 
larger projects at reasonable prices. I suggest you write to the 
various suppliers for their current catalog and price list. 
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List Of Suppliers 


Note: Many suppliers can be reached through toll-free 
numbers (no charge to the caller). To find out if a supplier 
has a WATS number, dial 1-800-555-1212... give the opera- 
tor the name of the company and she will let you know. 


BATTERY DISTRIBUTORS 


C & D Batteries 
3043 Walton Road 
Plymouth Meeting, PA 19462 


Gates Energy Products, Inc. 
Box 5587, 1050 South Broadway 
Denver, CO 80217 


Gould Inc., Portable Battery Div. 
929 Vandalia Street 
St. Paul, MN 55144 


Montgomery Ward 
Sears Roebuck and Co. 


ELECTRONIC COMPONENT DISTRIBUTORS 


Allied Electronics 
401 E. 8th Street 
Fort Worth, TX 76102 
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Bullet Electronics, Inc. 
P.O. Box 401244P 
Garland, TX 75040 


Burstein-Applebee 
3199 Mercier 
Kansas City, MO 64111 


Chaney Electronics Inc. 
P.O. Box 27038 
Denver, CO 80227 


Circuit Specialists Co. 
Box 3047 
Scottsdale, AZ 85257 


Delta Electronics 
381 Elliot Street 
Newton, MA 02164 


Digi-Key Corporation 
Highway 32 South 
Thief River Falls, MN 56701 


Edmund Scientific 
101 E. Gloucester Pike 
Barrington, NJ 08007 


Etco Electronics Corp. 

North Country Shopping Center 
Rte. 9 North 

Plattsburgh, NY 12901 
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Godbout Electronics 
Building 725 
Oakland Airport, CA 94614 


Hobbyworld Electronics, Inc. 
19511 Business Center Drive 
Northridge, CA 91324 


Jameco Electronics 
1355 Shoreway Road 
. Belmont, CA 94002 


Poly Paks 
P.O. Box 942 
South Lynnfield, MA 01940 


Radio Shack 
500 One Tandy Center 
Fort Worth, TX 76102 


Solarts 

Division of Colorado Instruments 
2807 N. Prospect 

Colorado Springs, CO 80907 


Tri-Tek Incorporated 


7808 N. 27th Avenue 
Phoenix, AZ 85021 


INVERTER DISTRIBUTORS 
Allied Electronics 


401 E. 8th Street 
Fore Worthe rx 76102 
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Radio Shack 
500 One Tandy Center 
Fort Worth, TX 76102 


Montgomery Ward 
Sears Roebuck and Co. 
SOLAR CELL DISTRIBUTORS 


Allied Electronics 
401 E. 8th Street 
Fort Worth, TX 76102 


Burstein-Applebee 
3199 Mercier 
Kansas City, MO 64111 


Chaney Electronics Inc. 
P.O. Box 27038 
Denver, CO 80227 


Edmund Scientific 
101 E. Gloucester Pike 
Barrington, NJ 08007 


Poly Paks 
P.O. Box 942 
South Lynnfield, MA 01940 


Radio Shack 
500 One Tandy Center 
Fort Worth, TX 76102 
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MISCELLANEOUS SUPPLIERS 


Cox 
1505 E. Warner Ave. 
Santa Ana, CA 92705 


Solarex Corporation 


1335 Piccard Drive 
Rockville, MD 20850 
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